We compare the appearance and physical parameters of the solar chromosphere, transition zone, and corona in areas of coronal holes with that of quiet areas outside the hole. Measurements of the height of emission of various ions in a coronal hole appearing at the polar limb give a quantitative indication of the increased thickness of the transition zone underlying coronal holes.
I. INTRODUCTION
Coronal holes, appearing as regions of strongly reduced coronal emission, were noted on spectroheliograms from rocket experiments several years ago (see, e.g., Burton 1968; Tousey, Sandlin, and Purcell 1968) . Their properties were studied by use of photoelectric data obtained with the relatively coarse spatial resolution of the Harvard instruments on OSO-4 and OSO-6 (!' X 1' and 35" X 35", respectively) by Munro and Withbroe (1972) , Withbroe and Wang (1972) , and Withbroe et al. (1971) . Recently, interest in coronal holes was heightened, when observational evidence (Krieger, Timothy and Roelof 1973, Bell and Noci 1973) as well as theoretical arguments (Noci 1973) indicated that such holes in all likelihood are sources of high-velocity solar-wind streams.
II. OBSERVATIONS
The Harvard instrument on Skylab' § Apollo Telescope Mount (ATM) (see, e.g., Huber, Reeves, and Timothy 1974; Reeves, Noyes, and Withbroe 1972; Reeves, Timothy, and Huber 1974) has a spatial resolution of 5" X 5" and the capability to observe simultaneously up to seven spectral features in the region between 300 and 1350 Â. This makes it possible for the first time to obtain photoelectric intensity measurements of the fine structure of the upper solar atmosphere at several heights simultaneously.
Spectroheliograms obtained near the center of the solar disk permit us to investigate the intensity distribution in cells and boundaries of the chromospheric network (and its extension into the transition zone), within and outside a hole.
On the other hand, we can directly determine the relative height of formation of various lines in the chromosphere and transition zone, within and outside a hole from spectroheliograms covering coronal holes and adjacent quiet regions on the limb. * Also at the Atomic Physics and Astrophysics Group, Federal Institute of Technology (ETHZ), Zürich, Switzerland.
HI. RESULTS a) Observations near the Center of the Disk A coronal hole is not immediately evident in most lines whose contribution functions peak in the transition zone or below. Figure 1 (Plate L5) shows gray level representations of photoelectric spectroheliograms of the same S' X S' area recorded in Mg x X625 (temperature of maximum emission r max ^ 1.6 X 10 6 ° K), Ne vm X780 (8 X 10 5 ° K), Ne vu X465 (7 X 10 6 ° K), O vi X1032 (3 X 10 5 ° K), O iv X554 (1.3 X 10 5 ° K), C m X977 (7 X 10 4 ° K), C n X1336 (3 X 10 4 ° K), He i X584 (on the order of a few times 10 4 ° K), and H i La (2 X 10 4 ° K). Although the hole boundary is obvious only in Mg x, Ne vm, and Ne vu, a careful inspection of the gray level representations as well as the original digital spectroheliograms reveals that coronal holes manifest themselves in all layers of the upper solar atmosphere. A more thorough study of the spectroheliograms in figure 1 shows that all lines have weakened network boundaries within the coronal hole. This may be seen from the histograms in figure 2, which show the distributions of counts within and outside the hole to be different for lines formed in the chromosphere and transition zone as well as in the corona. The hole was defined, for the purpose of the histograms, as the area exhibiting a Mg x count below a certain value, and therefore lying within the area of the hole evident in the Mg x image of figure 1.
The histograms representing areas within the coronal hole exhibit a higher and narrower peak than those representing areas outside the hole. This indicates that the intensity is more uniform in the hole than outside. In addition histograms outside holes exhibit a pronounced tail extending to higher intensities, which can be attributed to the emission network. The weakening of the tail in the histograms for holes suggests that the network weakens in holes more than do the internetwork areas. Areas of histograms are equal, and abscissae are chosen so that average count levels for area outside of hole are aligned.
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To compare the intensities of network and internetwork areas in the hole with their counterparts outside the hole, we converted the count distributions into the intensity ratios given in table 1. Count-level thresholds were chosen so that within a given area (i.e., inside or outside of the hole) the count of 60 percent of the picture elements fell below threshold and 40 percent above the threshold. The two resulting groups of counts can then be said to stem from cells and boundaries of the network, respectively, because, first, count levels inside the cells are consistently lower than in the network, and second, because it appears that the relative areas covered by these two features has a 3:2 ratio.
We note that the intensity decrease of Mg x X625 inside the hole is a factor of about 5. The average reduction in intensity in lines formed in the transition zone and chromosphere is much smaller, about 25-30 percent. The average ratio of the network intensities within and outside the hole is always smaller than that of the cell intensities in the two areas.
We also investigated the behavior of the densitysensitive intensity ratio of the C m XI176 and X977 lines as well as the behavior of the color temperature of the Lyman continuum. We confirmed both the finding of Munro and Withbroe (1972) that the electron density inside the area covered by the hole is somewhat lower than that outside of the hole, and the result of Vernazza and Noyes (1972) that the color temperature of the Lyman continuum is about 400° K higher within than outside of the hole. b) Observations of Holes at the Limb Munro and Withbroe (1972) deduced that temperature gradients in the transition zone are reduced by a factor of about 10 in coronal holes. This has two observational implications: (i) since the thickness of the region of formation of a transition-zone line is increased by a factor of 10, the observed breadth of the bright ring at the limb seen in these lines should also be increased, and (ii) the height, relative to the photosphere, of the emission in transition zone lines should be increased in holes. Following a report by Tousey et al. (1973) that the first effect had been seen in Ne vn X465, we made observations of a hole at the south solar pole in that line, as well as the Lyman continuum, La, C n X1336, C m X977, O iv X554, O vi X1032, and Mg x X625. From these observations we found:
i) The increased thickness of the limb-brightened ring over holes in Ne vn is verified. Weighted averages of 59 points measured over the hole gave a full width of half-intensity of the Ne vn ring of 29? 1 ± 1?3, while for 44 points measured over the quiet Sun adjacent to the hole the half-width was 21?5 ± 1?2. The quoted errors are standard deviations of the mean.
No correction was applied for instrumental resolution.
ii) The height of emission of transition zone lines, as measured by the height above the limb where the emission drops to half its average value on the disk, is greater in the hole by an amount that increases smoothly with increased temperatures of formation. Figure 3 (plate L6) shows a graph of the height difference (in arc sec) between Ne vn X465 and the Lyman continuum, plotted above gray level representations of rasters showing the polar hole in Mg x X625. In figure 4 we show the difference of limb height inside and outside the hole for various ions. The differences are plotted against height of formation (i.e., the height where T = r max in the quiet Sun).
Clearly the temperature gradient in the polar hole is significantly reduced over that in the quiet transition zone, with a concomitant reduction of downward thermal conduction, in line with the earlier findings of Munro and Withbroe. The difference in limb height between holes and the quiet Sun would increase approximately linearly with height of formation of the line in the quiet Sun, if the transition zone structure in both obeyed the relation T bl2 dT/dh = 0.9 X 10 6 F c 
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(cgs units), where F c is the thermally conducted flux. This relation was assumed for the quiet Sun, following numerous earlier papers (see, e.g., Athay 1971) . The slope of the data in figure 3 suggests that F c (hole) ^ £F c (quiet), in fairly good agreement with the findings of Munro and Withbroe (1972) that F c (hole) ^ (1/ 10) F c (quiet) using an entirely different technique. A more detailed discussion of the temperature structure and energy balance in holes both at the poles and lower latitudes will be presented in later papers.
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ERRATUM
In the paper entitled "Optical Spectra and Redshifts of 4C Quasi-Stellar Radio Sources" by Maarten Schmidt (Ap. J,, 193, 505, 1974) , table 1 was inadvertently omitted during page make-up. Rather than print the very crucial table 1 out of context, the entire paper will be reprinted as an erratum in the 1 January 1975, Part 1, issue of the Journal.
